SYNOPSIS Seventy isolates of Providence were obtained from urinary tract infections in patients from five hospitals. They were all identified as Providence B (Providencia stuartii). A typing system was devised for these organisms based on their production of and sensitivity to bacteriophage and bacteriocins. Using this system, 27 distinct strains were recognized, and it was clear that many patients had been infected with the same strain. The minimum inhibitory concentrations of six antiseptics and disinfectants for these strains were determined. Many of the strains were up to 300-fold more resistant to the cationic antiseptics chlorhexidine, cetrimide, and Resiguard than the control strain Escherichia coli NCTC 10418. The sensitivities of the Providence strains to Hycolin, glutaraldehyde, and phenyl mercuric nitrate, however, were similar to those of the control organism. There were significant correlations between the sensitivities of the strains to the three cationic antiseptics. The loss of chlorhexidine resistance from a Providence strain after exposure of the cells to Nmethyl-N' nitro N nitrosoguanidine resulted in a concomitant loss of resistance to cetrimide and Resiguard, but there was no significant increase in the sensitivity of the mutants to the other three antibacterials.
The main clinical importance of the Providence group of bacteria stems from their capacity to produce urinary tract infections, especially in patients having some underlying urological problem. Dutton and Ralston (1957) , for example, found that 21 % of infections in an urological ward, occurring after insertion of an indwelling catheter into the bladder or other instrumentation of the urinary tract, were caused by Providence. Milner (1963) (1967) , Li and Miller (1970) , Solberg and Matsen (1971) , and Dobrey (1971) .
Hospital isolates of Providence are well known to be resistant to a wide range of antibiotics (Middleton, 1958; Tomaschoff, 1969; Dobrey, 1971; Graevenitz and Nourbakhsh, 1972) , and Li and Miller (1970) have suggested that this property of multiple antibiotic resistance could well favour the increasing significance of this organism as an agent of infection
Received for publication 12 February 1976 in the hospital environment. The particular situation that the organism seems to favour, the urinary tract that is undergoing instrumentation, is one where it is likely to be exposed to antiseptics (Gillespie et al, 1967; Desautels, 1969; Stickler et al, 1971) . It would therefore be of considerable ecological advantage to this organism to have a degree of resistance to such antibacterial agents. In this connection O'Flynn and Stickler (1972) reported that some strains of Providence isolated from the urethral meatuses of paraplegic patients undergoing intermittent catheterization of the bladder by a procedure which involved the application of chlorhexidine to the external genitalia, could grow in the presence of 200 ,ug/ml of the antiseptic, a level well above that of 10-50 ,ag/ml of the agent normally considered to inhibit Gram-negative bacteria (Davies et al, 1954) . In view of the clinical significance of these organisms at sites where conventionally antiseptics play an important role in the prevention of infection, it is surprising that there is so little information in the literature on the sensitivity of Providence to antiseptics and disinfectants. The object of this study was to make a collection of isolates of Providence from a 815 
TYPING OF THE PROVIDENCE ISOLATES
The Providence isolates were typed using a method similar to that devised by Farmer and Herman (1969) for the typing of Pseudomonas aeruginosa. It involved the characterization of strains by (a) their sensitivity to a set of bacteriophage and bacteriocin preparations, and (b) the host range of the bacteriocin or bacteriophage produced by each strain. In order to produce preparations of phage and bacteriocins for typing, cultures of each of the isolates were grown to early log phase in broth (Oxoid No. 2 nutrient broth) at 370 with aeration in a shaking waterbath. They were then induced with mitomycin-c (1-10 ,ig/ml) (Otsuji et al, 1959 Tarr (1958 (Stickler, 1974) being included as reference control organisms with each batch of strains tested.
BACTERICIDAL EFFECT OF ANTISEPTICS ON PROVIDENCE
The bactericidal effect of six antiseptics was tested by performing log reduction experiments on selected strains of Providence, E. coli 10418, and P. mirabilis 60. The organisms were grown for 18 hours in broth culture, and 0 5 ml volumes were mixed with solutions of the various antibacterials in distilled water (4-5 ml). The cells were exposed to the agents for 10 minutes at ambient temperatures, and then 0-5 ml samples were withdrawn and added to 4-5 ml of the appropriate neutralizer (Kelsey and Maurer, 1972; Russell, 1974 for 18 hours the colonies were replica plated using velvet pads onto nutrient agar containing chlorhexidine (50 ,ug/ml). Colonies which failed to replicate on this medium were picked off and re-examined for their sensitivity to chlorhexidine. Approximately 4000 colonies were screened in this way and a total of eight sensitive clones was isolated. These sensitive mutants were confirmed as derivatives of the parent strain 66 by the typing procedure.
Results

TYPING OF PROVIDENCE ISOLATES
A total of 70 isolates of Providence were obtained from five hospitals and all were identified as Providence B (Cowan and Steel, 1965) . Providencia stuartii (Edwards and Ewing, 1972) , as they produced acid from inositol and failed to produce gas from glucose. All 70 of the isolates together with four NCITC strains were induced with mitomycin-c. Sixty-nine of the 74 cultures tested lysed approximately 2 hours after induction and produced high titres of phage or bacteriocin. These preparations were then used to type the isolates. In a further series of experiments the bactericidal activity of disinfectants was tested against four strains of Providence designated as chlorhexidine resistant on the basis of their MICs, each strain having a distinct typing pattern and coming from a different hospital. Two chlorhexidine sensitive Providence strains and two control organisms, E. coli 10418 and P. mirabilis NCIB 60, were also examined. In these tests the logio of the reduction in viable count occurring on exposure of each strain to the disinfectant for 10 minutes was determined. The concentrations of the agents were chosen so as to produce about a 2-3 log reduction in counts of the sensitive strains. In the cases of the cationic antiseptics, however, higher concentrations than this had to be used in order to register any significant killing of strains 5, 8, 66, and 95 . The eight strains were tested as a batch against each antiseptic in turn. Providence 66 Dutton and Ralston (1957) reported that a single biochemical type of Providence was isolated from 17 of their patients with urinary tract infections. Milner (1963) similarly found that 38 strains from urinary infections in paraplegic patients belonged to biotype 27 (Ewing et al, 1954) and considered that this finding favoured the theory that infections of the urinary tract with this organism are nosocomial rather than autogenous infections from the patient's own bowel flora. Solberg and Matsen (1971) Lysogeny and bacteriocinogeny appear to be an extremely common phenomenon in this group of bacteria, and it is possible that a typing system for this organism could be established by refining and extending the system used in this study.
The results of the MIC screening on the 31 strains of Providence and the control organisms, E. coli 10418 and P. mirabilis 61, presented in figs 1 and 2, show that this organism can be even more resistant to cationic antiseptics than the strains of P. mirabilis reported as chlorhexidine resistant (Stickler, 1974) . The majority of the strains in this study had MICs for chlorhexidine over 300-fold higher than that of the control E. coli strain. They are similarly considerably more resistant to cetrimide and Resiguard. In the cases of Hycolin, glutaraldehyde, and phenyl mercuric nitrate, however, the MICs of the Providence strains are similar to those of the control strain.
It is quite likely that the levels recorded for the MIC of glutaraldehyde are all raised due to the inactivation of this agent by the peptones present in nutrient agar (Russell and Munton, 1974) .
Examination of the MIC data for the Providence strains strongly suggested a correlation between the degree of resistance to the various cationic agents. (table IV) show that there were highly significant correlations (the probability that such values for the correlation coefficients could be due to chance being P < 0-001) between the resistance of the strains to the three cationic antiseptics. There were no such highly significant correlations between the cationic agents and any of the other three antibacterials.
The tests for bactericidal activity (table V) also show this pattern. The data presented in this table were analysed for differences between mean log reduction in counts by one-way analysis of variance and the sum of squares simultaneous test procedure (Gabriel, 1964) . It was found that within the group S or group R there were no significant differences between the means of the log reduction values. However, there was a highly significant difference (p < 0-001) between the log reductions of the two groups for chlorhexidine, cetrimide, and Resiguard. For Betadine, Hycolin, and hypochlorite there was no significant difference in the mean values for the two groups.
The results of the MIC determinations on the chlorhexidine-sensitive mutants of Providence strain 66 (table VI) indicate that loss of chlorhexidine resistance is accompanied by loss of resistance to cetrimide and Resiguard but results in no substantial difference in sensitivity to the other three agents.
In summary, it appears that the results from the MIC determinations, the tests for bactericidal activity, and the examination of the properties of chlorhexidine-sensitive mutants, all indicate the existence of cross-resistance to cationic antiseptics in strains of Providence. The resistances of these strains to the cationic antiseptics were of course registered in laboratory tests which do not adequately reflect the conditions under which the antiseptics are required to work in practice. However, as many of these strains were isolated from situations in which antiseptics are extensively employed, it is not unreasonable to suppose that the levels of resistance recorded in the MIC and bactericidal tests are significant and reflect an enhanced ability of these organisms to survive in the hospital environment.
Resistance to quaternary ammonium compounds has been reported in E. coli (Chaplin, 1951) , Serratia marcescens (Chaplin, 1952) , and Ps. aeruginosa (MacGregor and Elliker, 1958; Adair et al, 1971) , and resistance to chlorhexidine in Ps. aeruginosa (Bentley et al, 1968) and P. mirabilis (Stickler, 1974) . In a number of these cases the resistance has been attributed to changes in the chemical structure of the Gram-negative envelope (Davies and Roberts, 1969; Anderes et al, 1971) , which prevent the adsorption of the cationic agents onto the underlying membrane, where they are believed to exert their antibacterial effect (Hugo, 1967; Davies and Field, 1969) . It is possible that the cell envelope of Providence has a structure that protects the cytoplasmic membrane from disruption by cationic antiseptics and results in a level of intrinsic resistance to these agents.
In conclusion, it seems that Providence B (Providencia stuartii) is an organism extremely well equipped to survive in the hospital environment, being not only multiply antibiotic resistant but also having a degree of resistance to a number of extensively used antiseptics.
